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Cats are among the most popular
companion species in the world,
yet there is growing evidence of the
environmental impacts wrought by
their large populations.
The history of their domestication and
association with human societies has
been effectively traced with archaeologi-
cal and genetic studies of contemporary
and ancient DNA.Cats share a long history with humans but are remarkable among domesticated
species in largely retaining behavioural and reproductive independence from
people. In many societies, the cat maintains liminal status as both a domestic
and awild animal. An adaptive push-and-pull betweenwild and domestic traits cor-
responds with dual roles as companions and pest controllers, and with conflicted
treatment in husbandry, management, law, and public discourse. Tomove forward,
we must proceed by understanding that cats are not exclusively pets or pests, but
both a central component of human societies and an important, often adverse,
influence on ecosystems. Developing a collaborative ‘companion animal ecology’,
in which human–animal domestic relations link to ecological processes, will enable
sustainable management of this wild companionship.We assert that the growing conflict over
cat management is underpinned by an
adaptive push-and-pull between the
wild and the domesticated traits of cats,
aligning with their dual societal roles as
companions and pest controllers.
Sustainable solutions require a novel
‘companion animal ecology’ and recog-
nition that cats are not exclusively pets
or pests, but are central to human
societies, while having important, often
adverse, environmental impacts.
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The places and roles of domestic cats Felis catus in contemporary societies and ecosystems are
contentious issues. A growing body of ecological research quantifying the scale and impact of cat
predation of wildlife [1–3] has led conservation advocates into clashes with cat enthusiasts, in
controversies dramatically characterised as ‘Cat Wars’ [4]. Debates about cats have indeed be-
come combative and polarised, especially in the USA [4], where cat and wildlife enthusiasts and
their organisations level accusations at one another of making inflated or false claims about the
‘real’ impact of cats on wild animals [5]. However, to demarcate and reinforce a neat division be-
tween ‘cat people’ and ‘wildlife people’ is to oversimplify the issue, and combative narratives may
serve only to alienate the people best placed to address the challenges identified, i.e., the cat
owners. Many cat owners are concerned about wildlife conservation or the welfare of prey
animals, and people who identify themselves as conservationists often keep cats as pets [6].
Furthermore, the roles of cats in both human societies and wider ecosystems are complex and
not reducible to claims that cats are either an innocent blessing or an invasive scourge. Here,
we argue that the fraught contemporary relationships between cats and human societies reflect
a longstanding, important symbiosis that is both maintained and challenged by the resistance of
the ‘domestic’ cat to complete domestication, and by the duality of its roles as autonomous
predator and ostensibly dependent companion.
Cats and People: A Dynamic and Enduring Symbiosis
Modern domestic cats are descended from the Near Eastern wildcat Felis silvestris lybica [7]. It has
been proposed that cats ‘self-domesticated’ through a fortuitous combination of ecological and
sociocultural circumstance, whereby individual cats that tolerated humans were able to take ad-
vantage of the hunting and scavenging opportunities provided by early settlements [8]. A degree
of variation among people in their acceptance of cat presence is likely in this ‘self-domestication’,
especially in light of more commonplace antagonistic relations between humans and sympatric
carnivores. Cats seen killing increasingly problematic rodents around food stores would have
been appreciated as low-maintenance pest controllers [9] and may have conferred significantTrends in Ecology & Evolution, Month 2020, Vol. xx, No. xx https://doi.org/10.1016/j.tree.2020.01.008 1
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domestic cats as predators-in-residence certainly played a significant part in their global spread,
as they were employed for rodent control on trade ships and in the outbuildings of emerging civi-
lisations [10]. The special and multiple roles of the cat in ancient Egypt are well known, with cats
frequently depicted as commensals, pest controllers, religious icons, and sacrifices. It is also in
Egypt that the role of the cat as a domestic companion emerged, with house cats clearly portrayed
in artefacts from the Middle Kingdom [11]. Genetic lineages with Egyptian origins have recently
been identified as having contributed significantly to the international domestic cat gene pool,
indicating that Egyptian cats enjoyed considerable popularity, potentially linked to desirable
characteristics, such as increased tameness and sociality [10].
While, in some regions, cats are still treated more as commensals than pets [12], companionship
has become the cat’s primary role in many societies. As household pets, cats provide company,
affection, and enjoyment for millions of people, and, in some cases, cat ownership may also confer
health benefits (although evidence is mixed) [13]. The expansion of the pet-food industry and in-
creased availability of cheap protein has enabled growing numbers of people to provide for the de-
manding diet of an obligate carnivore, and the mid-20th century invention of cat litter has allowed
urban residents to keep pets largely or wholly indoors.
Nevertheless, today’s cats are unusual among domesticated species in that they (i) exhibit compar-
atively few morphological changes compared with their wild ancestors; and (ii), apparently unlike
dogs [10], have not been purposively selected to fulfil particular roles in human societies. Excepting
pedigree breeds, most of which have been developedwithin the last 150 years [14], most cats con-
tinue to self-select through unregulated breeding. They remain capable of sustaining themselves
without human assistance, as demonstrated by the global success of feral cats, both living in col-
onies near reliable food sources and reverting to predatory, solitary lifestyles (Box 1). Yet, modern
cats are also well adapted to living in close association with humans, and most rely on human pro-Box 1. Feral Cats
Cats exist on a spectrum of human responsibility and control over their movement, feeding and reproduction (see Figure 1
in the main text). Cats living independently of human provisioning and behavioural management are usually called ‘feral’
(although this can also refer to any unowned cat). In Australia, distinguishing between companion, stray, and feral cats
has been important for designating feral cats as pests (in some jurisdictions) and implementing management accordingly
[36]. Latest estimates suggest that Australia has a fluctuating feral cat population of 2.1–6.3 million [37]. There, the ecolog-
ical impacts of cats on native fauna are becoming increasingly well understood [3,27]; Woinarski et al. [27] calculated that
feral cats have been a major contributing factor in at least 27 extinctions of Australian mammals, reptiles, and birds.
There is a relatively high level of public support for active feral cat management, including lethal control [16,27,38] in
Australia. However, in the USA, there is significant public controversy surrounding feral cat management [4], particularly
in urban areas, where ‘community cats’ may be valued. Elsewhere (e.g., Europe, South America, and New Zealand)
owned, stray, and feral cat populations are often fluid in their connections and, while sometimes differentiated for regula-
tory purposes, may not be considered distinct entities by lay publics [39].
Our discussion focusses on human–cat relationships, and some of our suggestions (e.g., effectively engaging cat owners)
do not apply to feral populations. Nevertheless, feral cat research and management should still be included in a more ho-
listic ‘companion animal ecology’. Conceptually, and often practically, it is difficult to fully disassociate feral populations
from owned and semiowned cats; cats can shift between categories over the course of their lifetime, urban strays are a
grey area, and all domestic cats can freely interbreed [40].
Those who value cats as individuals may be just as concerned for the lives and welfare of feral cats as for their own pets [41].
Even in Australia, survey evidence indicates some resistance to stringentmanagement of owned cats (e.g., 24 h curfews) and
ambiguity about lethal control; cat owners tended to be less supportive of both than nonowners [38]. The presence of free-
ranging owned cats also limits options for managing feral cats, due to uncertainty of ownership status (e.g., in rural Europe) or
the risk of introduced pathogens or toxic baits affecting owned cats (e.g., in Australia and New Zealand).
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with people during early developmental stages, tolerate the presence of humans, other cats, and
other domestic animals far better than wilder felids, and exhibit distinctive behavioural traits
(including vocalisations and body language) that facilitate effective interspecies communication
[15]. Contemporary societies, especially in Europe, are often broadly tolerant of roaming pet
cats, and suggestions that cats should be kept indoors can be strongly resisted (although,
again, cat husbandry practices are culturally variable [15,16]). The territoriality of cats, and their
attachment to place over people, may be the distinguishing feature that makes this unusual
arrangement possible; they are independent, yet relatively self-restricting in their roaming
behaviour.
Cats and humans have long benefitted from these close associations, although the dynamics of
the relationship have varied over time. It is apparent that many people regard cats with a deep
affinity, extending sometimes to reverence, a nebulous, but arguably key, feature of the
human–cat relationship, maintained despite the diminishing role of cats as pest controllers.
However, interactions between people and cats are not universally positive; a proportion of
most human populations expresses an aversion to cats [15], and, without proper socialisation,
cats do not bond effectively with people [17]. The relationship also carries risks for both species;
living in close proximity to cats increases human chances of contracting zoonotic pathogens
[18,19], while humans repeatedly demonstrate their capability to cause cats harm. Nevertheless,
the cat–human relationship has endured, developed, and diversified over thousands of years and
is best understood as a dynamic, mutualistic symbiosis, rather than an incidental or residual
commensalism [20] (Figure 2).
A Ubiquitous Species of Global Significance
Today, cats are almost invariably found wherever humans are (with some notable exceptions,
such as oceanic islands from which they have been eradicated), often living at high densities.
They are a prominent driver of the growth of global pet industries and have extensive symbolism
and significance that transcends cultural and linguistic differences (as evidenced, for example, by
their notorious internet celebrity). Their ubiquity and abundance mean that cats have global
environmental significance. First, their requirement for meat creates demand for animal protein,
the production, processing, and transportation of which have environmental impacts in termsTrends in Ecology & Evolution
Figure 1. Common Classifications for Domestic Cats, Organised in Relation to Degree of Human Control ove
their Provisioning, Reproduction, and Movement.
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Figure 2. The Many Lives of Domestic Cats in the Anthropocene. (A) Most owned cats in postindustrial societies are
primarily companion animals. (B) Some cats, particularly in rural areas, retain their traditional role as pest-controllers in
residence. (C) In some regions, feral cats in natural areas are subject to control as invasive non-native species due to thei
negative impacts on native wildlife. (D) Globally, stray and semiowned cats live in and around human settlements, often
forming urban colonies.
Trends in Ecology & Evolution
4 Trends in Ecology & Evolution, Month 2020, Vol. xx, No. xxr
of carbon emissions and land and water use (although pet food may derive from by-products of
human foods) [21]. Second, cats can act as vectors and reservoirs of zoonotic infections [18],
from rare but invariably fatal rabies to globally distributed Toxoplasma gondii [22]. Finally, although
the population-level significance of domestic cat impacts on wildlife varies depending on context
and scale, and even if a minority are prolific hunters, large numbers of free-ranging and feral cats
will kill correspondingly large numbers of small birds, mammals, reptiles, amphibians, and insects
[2,3,23]. Cats on oceanic islands, similar to other introduced predators, can have devastating ef-
fects on poorly adapted species, such as ground-nesting birds [24]. Domestic cats often live in
much higher densities than other wild mesopredators [25]. Cats can also have indirect effects
on the success of other species, including through hybridisation, transmission of infections,
and behaviour change [26]. Therefore how, and to what extent, humans manage cats and their
behaviour are important questions with implications for both species, and for ecosystems
worldwide.
Semidomestication as a Source of Tension
Catsmaintain a double identity as both wild (they are largely autonomous) and domestic (they have
close associations with and dependencies on humans) animals. Recognising this duality is key to
understanding the social tensions to which cats are central. Both forms of human–cat relationship
(functional and familial) emerged relatively early during the association of F. s. lybica with humans
[8,10], yet selection for the traits underpinning these roles means they continually pull against
one another. To be effective pest controllers, cats require autonomy and hunting prowess, while
to be favoured companions, humans prefer cats that expressmore sedentary behaviour and affec-
tionate attachment. Thus, tensions between the cat as ‘wild hunter’ and as ‘domestic companion’
Outstanding Questions
Formulating a ‘companion animal
ecology’
• How do the domestic lives of
companion animals interact with
their wild lives and those of other
animals?
• How do owned and unowned
companion animals use different
types of landscape?
• How do outdoor cats interact directly
and indirectly with humans, wildlife,
and other domestic animals, in a range
of ecological and social contexts?
• How might interventions in their
domestic husbandry affect the
environmental impacts of abundant
companion animal populations?
Building collaboration betweendisciplines
• Howmight multiple disciplines of veter-
inary, ecological, and social research
be aligned around shared, or mutually
compatible, concerns?
• How does animal husbandry
(e.g., nutrition, enrichment, or
healthcare) affect cat ecology
and behaviour? This encompasses
(i) roaming and hunting behaviour;
and (ii) the epidemiology of com-
panion species in animal and zoo-
notic infections, with significant
feedbacks for companion animal
health and welfare.
• How do environmental factors affect
companion animal behaviour, health,
and welfare?
Participatory research and deliberative
decision-making
• How might cat owners (and guardians
of other companion animals) become
research partners? Effective engage-
ment of owners in developing,
conducting, and communicating re-
search could improve uptake of policy
and practice recommendations.
• What are owners’ priorities and con-
cerns when managing and caring for
companion animals? Understanding
people’s decision-making and prac-
ticeswill be key to identifyingworkable
strategies and interventions.
• How can management best be negoti-
ated between interest groups to
achieve sustainable, mutually accept-
able (or ideally beneficial) outcomes?
• What is the role of policy and regulation
in ensuring sustainable management
of companion animals?
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regulated by both animal welfare and wildlife laws, with different legislative instruments applied de-
pending on the location of the cat and its ownership status; in Australia’s Northern Territory, for ex-
ample, unowned cats are subject to control as feral animals; pet cats are not, but must be
microchipped and (in some council areas) registered [27]. There are alsomarked differences in hus-
bandry practices for cats kept as utility animals (e.g., on farms), where they often live in outbuildings
and are permitted to breed freely, and those bred, kept, and pampered as companions.
Roaming cats can be considered a nuisance due to their toileting, fighting, and hunting behav-
iours. In postindustrial societies where pet cats are becomingmore popular in (sub)urban spaces,
their hunting habits are increasingly perceivedmore as a nuisance than a service. Often, concerns
about nuisance behaviour are expressed as desire that cats should be under tighter control, and
that their actions are the responsibility of their owners. There is also continuing disagreement,
among cat owners, about the welfare and safety implications of confining cats indoors versus
allowing them to roam, a debate that pits the actual and perceived risks of wild independence
(disease transmission, accidents, and loss) against those of domestic confinement (boredom,
obesity, and stress) [28]. However, the most prominent contemporary controversy surrounds
the impact of cats on wildlife, and is dominated by two vocal interest groups: cat advocates,
on the one hand (particularly proponents of urban and other free-ranging cat ‘colonies’) and,
on the other, wildlife conservation advocates (particularly those interested in birds and, in
Australia, endemic mammals). Wildlife advocates link population declines with high numbers of
free-ranging and feral cats and tend to recommend robust management solutions. Cat advo-
cates conversely argue that domestic cats are scapegoats, taking the blame for environmental
changes attributable to other anthropogenic factors.
The dual status of the species as both wild predator and domestic companion underpins much of
this division among people. Cat advocates primarily recognise and value the ‘domestic’ side of
cats. They believe that the longstanding relationship of cats with, and reliance upon, humans
means that people should demonstrate compassion towards them, even when they are living
beyond direct human control. Conversely, wildlife advocates primarily recognise the ‘wildness’
of cats; that, despite their domestication, the continuance of their lives beyond the backyard
means they cannot be ignored as agents of ecological harms. There is truth in both analyses,
because cats as a species, and indeed as individuals, are, in practice, simultaneously domestic
and wild, companions and hunters, valuable and harmful. Their enduring symbiotic relationship
with humans means that the domestic cat cannot readily be reclassified as a wild animal for the
purposes of management. Simultaneously, however, the entwining of cat and human lives and
histories means that cats are jointly implicated with humans in the major environmental distur-
bances of our time. What is needed to move this debate forward is greater recognition from
each human ‘side’ that there is the other ‘side’ of cats to be taken into account, and a greater will-
ingness to recognise and work within the messy, difficult, multispecies histories and legacies of
human–cat relations [29].
Concluding Remarks
It is not only in public disputes about management that divisions persist. Scientific research on
cats divides between veterinary and animal sciences that focus on largely clinical and behavioural
aspects of health and welfare, and research in ecology and conservation biology that examines
hunting behaviour and environmental impacts. There is, therefore, a need for these disparate
strands of research to be drawn together through interdisciplinary collaboration and communication,
particularly because there are areas of shared concern for those with both welfare and ecological
interests (e.g., managing feral cat populations or zoonotic disease). There is also room for newTrends in Ecology & Evolution, Month 2020, Vol. xx, No. xx 5
• What constitutes (environmentally) re-
sponsible pet ownership, and how
might societies determine their indi-
vidual and collective responsibilities
to other animals, both wild and
domestic?
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between wild and domestic, along which cats unavoidably live. Given that the ecology of cats is
understudied, certainly relative to their global abundance and impacts, there is opportunity for formu-
lating an interdisciplinary ‘companion animal ecology’ where anthropogenic factors are acknowl-
edged as integral to ecological processes, as in agricultural and urban ecologies. Research in this
area might take novel approaches to investigating the interactions of roaming cats with wildlife,
other domestic animals, and human inhabitants; their exceptional population ecology and use of nat-
ural and anthropogenic spaces; and their roles as reservoirs and carriers of disease. The same prin-
ciples apply to research addressing cat impacts and their management. Given that cat populations
and behaviour are influenced, directly and indirectly, by human behaviour, integrating cat owners as
research participants will be vital to improving our understanding of human–cat–environment rela-
tions, and to the development and application of effective, sustainable solutions to the environmental
challenges created by the global abundance of people and their cats. Recent research has provided
important insights into drivers of cat owner behaviour [28,30–32] and the effectiveness of different
techniques for communication and behaviour change [33–35]. However, beyond behaviour change
initiatives, good-faith engagement between cat owners and advocates, wildlife conservationists, and
scientists will be vital to understanding differing perspectives, concerns, and priorities, and to con-
structively deliberating on human responsibilities to and for domestic cats. Researchers, environ-
mental advocates, cat owners, and policymakers must work collectively towards realistic, gradual
changes to practices and cultures that will ensure the enduring relationship between people and
cats becomes a sustainable one.
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